Aim: There are no effective, tolerable, and established medications for preventing delirium in critically ill patients admitted to the intensive care unit (ICU). We investigated whether suvorexant was effective in preventing ICU delirium.
INTRODUCTION

D
ELIRIUM IS A clinical syndrome of acute cerebral dysfunction characterized by three cardinal features: fluctuating mental status, inattention, and altered level of consciousness or disorganized thinking. 1 Delirium develops with changes in environmental and physical conditions, with a prevalence of 3-56% among hospitalized patients. 1, 2 The risk of delirium is elevated in elderly and physically weak individuals, such as patients in the intensive care unit (ICU) and those receiving mechanical ventilation. 3 Patients in the ICU who develop delirium have prolonged ICU and hospital stays, with associated higher in-hospital and long-term mortality rates and a higher incidence of long-term cognitive dysfunction. 4 Therefore, the development of safe and effective treatments for preventing delirium in the ICU is important. However, there are no approved medications for the treatment of ICU delirium, and there is insufficient evidence to support the preventive effect of antipsychotic drugs on delirium, notwithstanding their limited therapeutic effects on delirium. 5 Moreover, antipsychotic drugs are associated with severe side-effects, such as cardiovascular events and an increased mortality risk. 6 The pathophysiologic mechanisms underlying delirium, although still unclear, are related to imbalances in neurotransmitters modulating cognition, behavior, and mood. The average medical ICU patient has 11 or more risk factors for developing delirium, which can be divided into predisposing baseline factors like underlying patient characteristics and comorbidities and hospital-related (precipitating) factors like acute illness, treatment, and ICU management. 7 The pathophysiology of delirium is proposed to be related to sleep disturbances in critically ill patients. Sleep hygiene programs in ICUs improve sleep quality and quantity and can reduce delirium incidence and duration by >50%. 8, 9 Attention disturbances, a core delirium symptom, are among the most important symptoms and a critical item in the diagnostic criteria for delirium based on the Diagnostic and Statistical Manual of Mental Disorders, 5th Edition (DSM-5). 10, 11 Attention disturbances are caused by dysfunction in the ascending reticular activating system, which regulates arousal. Arousal maintenance is controlled by multiple neurotransmitters (acetylcholine, dopamine, serotonin, histamine, and noradrenaline) released from neurons in the ascending reticular activating system and brainstem. 12, 13 In the hypothalamus, orexin plays an important role in awakening. Orexin-containing neurons help integrate metabolism, stress response, and circadian rhythms, along with the governance of various neurotransmitters involved in the sleep/wake cycle. de Lecea et al. 13 reported that orexin-containing neurons were powerful orchestrators of various neurotransmitters involved in sleep/wake cycle dynamics. We hypothesize that sleep/wake rhythm improvement using the orexin receptor antagonist suvorexant leads to attention disturbance reduction and subsequent delirium prevention in ICU patients. The neuropeptide orexin is widely thought to be involved in sleep/wake cycle regulation.
14 Suvorexant is an orexin receptor antagonist approved for the treatment of insomnia in the USA and Japan. Therefore, we aimed to determine whether suvorexant was a safe and effective drug for preventing delirium in ICU patients.
METHODS
Participants
T HIS STUDY WAS carried out between May 2015 and
February 2017 at the mixed medical ICU of the Tokyo Medical University Hospital (Tokyo, Japan). The study protocol was approved by the ethical committee at the Tokyo Medical University and written informed consent was obtained from all participants or their surrogate health-care decision-makers. Patients aged ≥20 years and admitted to ICU for <24 h were considered eligible. Patients were excluded if they had a life expectancy of <48 h or were unclear of consciousness or had baseline dementia, severe liver dysfunction, history of alcohol or other substance abuse, or had already received medications for delirium since their admission to the ICU (e.g., antipsychotics, antidepressants, and hypnotics).
Randomization and intervention
Participants were randomized to receive either suvorexant or conventional treatment using a random number table and a sealed envelope method. Patients in the conventional treatment group did not receive suvorexant but received trazodone if they experienced insomnia. The suvorexant group received daily doses of 20 mg (age <65 years) or 15 mg (age ≥65 years) suvorexant orally or through a nasogastric tube at 9:00 PM every day until the patient developed delirium or received treatment for seven consecutive days. As the study was undertaken as part of routine clinical practice, patients in both groups received 25 mg trazodone as needed for insomnia. Treatment with benzodiazepines was not permitted in either group because they could affect delirium development. 15 In this study, only opioid (fentanyl) was selected as an analgesic for intubation patients. If sedation was required, then only dexmedetomidine was selected. Patients in both groups received treatment according to the ABCDEF bundle as a non-pharmacological approach to delirium. 16 
Measurements
Nurses in the ICU were trained to evaluate patients for delirium development using the Intensive Care Delirium Screening Checklist (ICDSC). 17 Data on patient characteristics were collected at admission, and each patient's physical condition was assessed using the Sequential Organ Failure Assessment (SOFA) 18 and Acute Physiology and Chronic Health Evaluation II (APACHE II) scores. 19 Both SOFA and APACHE II scores were calculated for all patients. The baseline risk of delirium was evaluated using the Prediction of Delirium for ICU patients (PRE-DELERIC) delirium risk score, 20 which was based on data from blood tests and vital signs throughout the day, from the time of admission to registration for the study.
Outcomes
The primary outcome was delirium incidence in the ICU, based on the DSM-5 definition of delirium. The trained nurses screened for delirium development using ICDSC at 10:00-11:00 AM each morning; the ICDSC cut-off score was defined as 1, corresponding to subsyndromal delirium, a precursor to delirium. 21 Patients with an ICDSC score ≥1 were next evaluated by a board-certified psychiatrist (KA) to confirm delirium diagnosis.
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Statistical analysis
The Mann-Whitney U-test and v 2 -test or Fisher's exact test were used for comparing continuous and categorical variables, respectively. Kaplan-Meier curves were used to estimate delirium incidence. All data were analyzed using IBM SPSS software (version 24; IBM, Armonk, NY, USA); significance was set at P < 0.05. Delirium incidence rates of 3-56% during hospitalization 2 and 32% in the ICU have been reported. 22 In a randomized placebo-controlled study for delirium prevention, delirium incidence in the ramelteon group was 3%, although onethird of the subjects in that study were in an ICU, with the remaining two-thirds in regular acute wards. 23 Therefore, delirium incidence rates in the conventional treatment and suvorexant groups in our study were assumed to be 32% and 3% (the lower limit of the range), respectively. To detect a significant difference, we assumed a beta error of 20% and an alpha level of 5%. 19 Thus, 35 patients were planned for recruitment per group.
RESULTS
F IGURE 1 shows the CONSORT flow diagram of the study. 24 During the study period, 1,603 patients were admitted to ICU. Of these, 1,533 were excluded because they failed to fulfill the inclusion criteria (n = 1,508), their duration of ICU stay was <48 h (n = 25), or they refused study participation (n = 25). Finally, 70 eligible ICU patients agreed to participate. After randomization, 36 and 34 patients were allocated to the conventional and suvorexant treatment groups, respectively. There were no significant between-group differences in baseline demographics, clinical characteristics, admission diagnoses, PRE-DELERIC delirium risk score, or severity of illness (Table 1) .
No patients developed delirium before 9:00 PM on the day of admission. As a result, all patients in the suvorexant group were given suvorexant prior to the development of delirium. All patients were initially screened for delirium with ICDSC. Six of 34 (17.6%) and 17/36 (47.2%) patients developed subsyndromal delirium in the suvorexant and conventional treatment groups, respectively, indicating a significant between-group difference in its incidence (P = 0.011). All patients with subsyndromal delirium were next evaluated for delirium based on the DSM-5 criteria by the study psychiatrist. Delirium incidence tended to be lower in the suvorexant group (5/ 34; 14.7%) than in the conventional treatment group (12/ 36; 33.3%; P = 0.069); Kaplan-Meier estimates revealed that time to development of delirium was significantly longer in the former than in the latter (6.26 days, 95% confidence interval, 5.66-6.86 days versus 5.68 days, 95% confidence interval 4.96-6.41 days; log-rank test, P < 0.05; Fig. 2 ). However, there was no significant between-group difference in delirium duration (1.6 AE 0.9 days in the suvorexant group versus 3.0 AE 2.3 days in the conventional treatment group; P = 0.236; Table 2 ).
The trazodone dose, as needed for insomnia, was significantly lower in the suvorexant group than in the conventional treatment group, although no other significant differences in clinical outcomes or medication doses were observed. No adverse events potentially attributable to suvorexant were noted (Table 2) .
DISCUSSION
T HIS, TO THE best of our knowledge, is the first study suggesting suvorexant's effectiveness in delirium prevention in ICU patients. The pharmacological mechanisms underlying wakefulness suppression by suvorexant, leading to a delayed delirium onset in these patients, remain unclear; further studies are needed to elucidate this issue. Nevertheless, suvorexant's unique profile and efficacy for treating sleep disturbances 14 implicate its potential efficacy in preventing delirium in critically ill patients.
In this study, patients who regularly took hypnotics before hospitalization were excluded. Therefore, patients were divided into two groups on the basis of hypnotics used as follows: the suvorexant group (only suvorexant at 9:00 PM every day and trazodone, as needed, for insomnia) and the conventional treatment group (only trazodone, as needed, for insomnia). As a result, the use of trazodone in the conventional treatment group was more frequent, but the development of delirium was lower in the suvorexant group, indicating that delirium was prevented by the effect of suvorexant without the influence of the other hypnotic.
Antipsychotics are widely utilized to treat delirium in general clinical settings. 5, 25 One study, however, did not show clear evidence that atypical antipsychotics could prevent delirium in ICU patients. 26 Dexmedetomidine is associated with lower delirium prevalence and a shorter mechanical ventilation duration in ICU patients; however, it was not reported to prevent ICU delirium. 27, 28 The two other sleep-promoting agents used in ICU patients, melatonin and the synthetic melatonin receptor antagonist ramelteon, might prevent delirium by modulating melatonin's effects on the sleep/wake cycle and circadian rhythm. 29, 30 In their study, Hatta et al. 30 showed that delirium incidence in the ramelteon group was significantly lower than that in the placebo group (3% versus 32%). However, that study excluded patients with nasogastric tubes and those on mechanical ventilators as well as patients in the general ward and ICU. Conversely, we focused exclusively on ICU patients, with the majority of the patients in both groups receiving mechanical ventilation. Therefore, our results provide a better overview of the therapeutic effects of suvorexant on delirium in the ICU.
A recent study, very similar to the current study, examining the potential preventive effect of suvorexant on delirium 23 found that suvorexant prevented delirium in the ICU and the regular acute ward. However, there are several Data are presented as mean AE standard deviation or number (%). Mann-Whitney U-test was used to compare continuous variables between the two groups; v differences in the characteristics of the two studies. The current study included more severely ill patients than the other study, which excluded patients requiring intubation and mechanical ventilation; furthermore, approximately half of the patients in that study were admitted to the regular acute ward and not the ICU. Conversely, our study included 36 (51.4%) patients who required intubation and mechanical ventilation; all 70 patients were admitted to the ICU. Therefore, the current study is more representative of actual ICU practices. The ICU pain, agitation, and delirium guidelines recommend routine screening for delirium based on the Confusion Assessment Method for ICU or ICDSC. We determined delirium using ICDSC and confirmed its diagnosis using the DSM-5 criteria. This procedure is consistent with the recommendations of the ICU pain, agitation, and delirium guidelines. Albeit not a main outcome, subsyndromal delirium incidence was significantly different between the two groups in the current study, highlighting the Fig. 2 . Kaplan-Meier survival curves for patients treated in the intensive care unit who received suvorexant or conventional therapy for delirium. Time to onset of delirium was significantly longer in the suvorexant group (6.26 days, 95% confidence interval, 5.66-6.86 days) than in the conventional treatment group (5.68 days, 95% confidence interval, 4.96-6.41 days; log-rank test, P < 0.05).
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preventive effect of suvorexant on subsyndromal delirium, another novel finding of this study.
Our study has several limitations. First, the singlecenter design and relatively small sample size limit the generalizability of findings to all ICU patients. The assumed delirium incidence of 3% in the suvorexant group might have been overestimated during the sample size calculation because the actual incidence of delirium in the suvorexant group was 17.6%. In future studies, a larger sample size will be needed based on the results of this study to confirm the preventive effect of suvorexant for delirium. The mean times to delirium onset were 5 and 6 days in the conventional and suvorexant treatment groups, respectively, which were twice as long as 2-3 days reported in previous studies, 3 indicating the possibility that the present study results are not generalizable to all ICU or critically ill patients. Second, the study design was associated with a risk of bias as a placebo group could not be used. Third, objective measurements such as actigraphy, polysomnography, and melatonin levels were not used for sleep and delirium evaluation. Fourth, there was no quantitative data on analgesics, such as Behavioral Pain Scale (BPS) or Critical-Care Pain Observation Tool (CPOT), in this study. Therefore, the quantitative comparison of pain between the two groups was insufficient. Finally, there was deviation in patient population diagnosis between patients with trauma and those with infection, although not significant. Therefore, we examined risks of patients with trauma and those with infection between both groups. We compared PRE-DELIRIC scores of target patients using Student's ttest, but there was no significant difference between the two groups (PRE-DELIRIC score of patients with infection: 68.0 AE 20.4 in the suvorexant group versus 50.8 AE 33.2 in the conventional treatment group; P = 0.22, PRE-DELIRIC score of patients with trauma: 30.0 AE 26.8 in the suvorexant group versus 24.9 AE 21.4 in the conventional treatment group; P = 0.53).
CONCLUSIONS
S
UVOREXANT MIGHT BE a safe and effective drug for preventing delirium in adult ICU patients. Larger studies in more heterogeneous populations of ICU patients are needed to validate our findings.
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